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ABSTRACT

A hybrid-mode analytical method is describe to evaluate
the nonreciprocal characteristics of various types of the
broadside-wupled fin lines with the magnetized ferrite and the
finite metallization thickness. Numerical resuits demonstrate.
the nonreciprocal properties not only on the phase wnstants,
but also on the characteristic impedances and the conductor
losses.

I. INTRODUCTION

Magnetized ferrite is used to realize nonreciprocal
devices in microwave and millimeter-wave integrated
circuits[l]-[4]. Fm line shows the higher nonreciprocity
wmpared with strip lines[3], but the unilateral fin line with a
single-layered ferrite substrate does not exhibit adequate
nonreciprocity, and multilayered structures, such as spacers or
overlays[2] ,[3], and broadside-eoupled structures, such as tuning
septum and floating conductors, ean be advantageously utilized
to increase the nonreciprocity. Highly accurate and efficient
hybrid-mode analysis is indispensable for the nonreciprocal
circuit design taking the anisotropy of the magnetized ferrite
and the effect of the finite thickness of metallization into
wnsideration. There have been several analysis techniques
applicable to the nonreciprocal transmission lines[l] -[4], but
mostly coplanar-type structures are treated.

The purpose of this paper is to develop the hybrid-mode
formulation procedure for the broadside-coupled fin lines with
magnetized ferrites, and to present the nonreciprocal
characteristics of not only the phase constants but also the
characteristic impedances and the attenuation due to the imperfect
conductors.

II. THEORY

Fig. 1 shows examples of the broadside-coupled fin lines.
When the ferrite layer is magnetized in the x direction, the
permeability tensor of the layer is expressed as[l]-[4]

[1
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where p, and Kare dependent on the operating frequency w, the
applied dc magnetic field HO, and magnetization of the ferrite
4Jchg,
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Full wave analysis is developed based on the extended
speetral domain approach (ESDA)[3]-[5]. In this approach,
the source fields are introduced in the upper and lower surfaces
of the aperture region e? and ej ( Fig.2 ), and the electromagnetic
fields in each region can be expressed in terms of the aperture
fie1ds[3]-[5]. Transformed Green’s functions, which relate the
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fields and the aperture (source) fields, are derived with the help
of the equivalent circuits in the y-directions. Fig.3 shows the
equivalent circuits corresponding to the aperture region of Fig.2.

Finally, by enforcing the continuities of the magnetic fields
at the aperture surfaces, we obtain the integral equations for the
aperture fields e,”(x), e:(x) and implicitly the phase constant fJ

The determinantal equation for the phase constant ~ is obtained
by applying Galerkin’s procedure to the integral equations.

The unknown source (aperture) fields e“(x) , d(x) are
expanded in terms of the appropriate basis functions :

(3)

Whwqq are Gegenbauer polynomials, and W, c represent
the width n center of the aperture surface. These basis functions
represent the singukuities of the fields near the conductor edge
of the finite metallization thickness case more properly than the
conventional basis functions for the zero metallization case
(Fig.4).

The frequency-dependent characteristic impedances are
evaluated by using the power-voltage basis.

The attenuation due to the imperfect conductor is evaluated
by

Pc
at–2 Po (4) ,

where PCisthe power lost in the conductors, and it is calculated

by the integral of the power dissipation @ over the region
occupied by the conductor S.

.

Fig.2 Source fields (Aperture fields)

Fig.3

(5) ,

t,

Equivalent circuits of aperture region

where E is the electric field inside conductors of the finite
metallization thickness.
Eq.(4) with (5) is applicable to the the lines with thicker as
well as thinner conductors whose thickness is comparable or
less than the skin depth and the attenuation become more
significant.

III. NUMERICAL RESULTS

The nonreciprocal phase constants have been reported
mainly for the simplest structure of unilateral fin line. The
limiting case of the bilateral fin line, i.e., the tuning septum
shrinking to zero ( WI or Wz -> A) , is reduced to the simple
unilateral fin line case. The values of this special case are
compared with available data[ 1] in Fig.5, and good agreement
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with the published data is obtained over the frequencies, which
shows the validity of the method.

Fig.6(a) shows the phase constants for the forward(+z

direction) (3+and backward(-z direction) (3.propagating dominant
modes of the bilateral fin line (aperture width WI,W) . The
effect of the metallization thickness on the phase constants is
not significant for this structure, but the introduction of the
finite metallization thickness into the analysis is indispensable
to the loss calculations. Fig.6(b) shows the frequency
dependence of the attenuation constants, and it reveals the
significant nonreciprocal and the.metallization thickness effects.
Flg.6(c) shows the frequency dependence of the characteristic
impedance calculated based on the power-vokage basis ~.
The metallization thickness effects on ~ is not significant, but
strong nonreciprocity is observed, and the effect should be taken
into consideration for the impedance matching.
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Fig.7 shows the numerical results for the fin line with the

floating conductor strip W,. The thinner (L= 0.50pm) and

thicker (~= 10pm) strip is considered, whereas the thickness of

the fin is f~ed as t, = 10pm. The attenuation constant a is
affected by the floating conductor and also strong nonreciprocity

of a is observed.

IV. CONCLUSIONS

A hybrid-mode analytical method is describe to evaluate
the nonreciprocal characteristics of the general structure of the
broadside-coupled fin line with the magnetized ferrite. The
formulation procedure is based on the extended spectral domain
approach ( ESDA ), and the basis functions used in the
computations represent the actual field variations properly near
the edge of the conductor of finite thickness. Numerical results
demonstrate the nonreciprocal properties on the phase constants,
the characteristic impedances and the conductor losses of the
broadside-coupled fm lines with the finite metallization
thickness.
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Fig.6 Nonreciprocal characteristics of the bilateral fin line
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A = 2.35 mm , Wl=l mm, W2=l.6 mm,

dl= dd= 2.1 mm

731



1

2

3

4

5

REFERENCES 4

F. J. K. Lang,’’Analysis of shielded strip- and slot-lines on -F Backward wave
a ferrite substrate transversely magnetized inthe plane of a
the substrate,” Arch. Elek. Ubertragung., VOI.36, no.3, E3 -
pp.95-100, Mar.1982. G

M. Geshiro, and T. Itoh,’’Analysis of double-layered finlines m
containing a magnetized ferrite,” IEEE Trans. Microwave g
ThemyTech.,v ol.MTT-35, pp.1377-1381, Dee.1987. Forward wave
T. Kitazawa,’rAnaly sis of shielded striplines and finlines ~
with finite metallization thickness containing magnetized o Backward wave
ferrites,” IEEE Trans. Microwave Theory Tech., vol.MTT-

2
c1

39, pp.70-74, Jan. 1991.
●● **’*

T. Kitazawa,’’Nonreeiprocity of phase constants, character-
6 1::::: :0.
0 F;rwa; wave

istic impedances and conductor losses in planar transmission
lines with layered anisotropic media,” IEEE Trans.

tzz 0.5pm

Microwave Theory Tech., to be publised. o “ t2=Iopm

T. Kitazawa,’’Loss calculation of single and coupled strip 5 6 7
lines by extended spectral domain approach,” IEEE
~~f~wave Guided Wave Lett., VO1.3,pp.211 -213, July

Frequency(GHz)

1.2
I ‘4m

Flg.7 (b) Nonreciprocal attenuation constants

5.0 5.5 6.0 6.5 7.0 100 r
Frequency (GHz)

Flg.7 (a) Nonreciprocal phase constants

Fig.7

\

Forward wave
tz = 0.5ym

● t2= 10pm

3 6 7

Frequency(GHz)
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Nonreciprocal characteristics of the fin line
with floating conductor
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